Rhinoplasty is a common operation in which shape and function are intimately related, whether the procedure is cosmetic, functional, or combined in nature. There is currently no properly developed and validated patient-reported outcome measure (PROM) to evaluate both functional and cosmetic components of rhinoplasty.
O ver 200 000 rhinoplasty procedures are performed annually in the United States, making rhinoplasty one of the most common surgical procedures performed in facial plastic surgery and otolaryngology. 1 Cosmetic rhinoplasty is aimed at altering the shape of the nose, whereas functional rhinoplasty aims to correct nasal obstruction at the level of the nasal valve. 2 Shape and function of the nose are intimately related: aesthetic operations may alter nasal breathing and, vice versa, functional operations may alter nasal appearance. 2 The precise and standardized description of both components is paramount in patients undergoing rhinoplasty.
Relevant patient-reported outcome measures (PROMs) are needed to evaluate outcomes in everyday clinical practice. 3 For example, to assess the severity of nasal obstruction, the Nasal Obstruction Symptom Evaluation (NOSE) scale was introduced in 2004. 4 It is a 5-item questionnaire that produces a score ranging from 0 to 100, and is currently the most widely used PROM to evaluate nasal obstruction after nasal surgery.
We have previously established that a score of 30 on the NOSE survey best differentiated patients with and without nasal obstruction. 5 We have also developed a classification system categorizing patients as having mild (range, 5-25), moderate (range, 30-50), severe (range, 55-75), or extreme (range, 80-100) nasal obstruction. 5 A systematic review of PROMs designed to assess rhinoplasty outcomes was recently conducted by Barone et al. 6 A total of 10 surgery-specific questionnaires were identified and divided into 3 categories: aesthetic, functional, and aesthetic/ functional. However, none of the aesthetic/functional scales met appropriate development and validation criteria, as none of these questionnaires were developed using patient input through the form of interviews. The objective of this study was to develop and validate a novel PROM to evaluate both functional and cosmetic outcomes of rhinoplasty both in the preoperative and postoperative periods. The current questionnaire is termed the Standardized Cosmesis and Health Nasal Outcomes Survey (SCHNOS).
Methods
We have developed the SCHNOS in 4 phases as described herein. The protocol was approved by the Stanford University institutional review board. Internationally accepted and recognized guidelines for developing PROMs have been followed. [7] [8] [9] [10] Patients provided written informed consent and were not compensated.
Phase 1: Defining a Conceptual Framework and Relevant Items
Each of the 10 scales evaluated by Barone et al 6 was examined item by item to outline a conceptual framework for a new 
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Key Points
Question Can we develop and validate a novel patient-reported outcome measure (PROM) questionnaire to evaluate both functional and cosmetic outcomes of rhinoplasty?
Findings In this survey study, the Standardized Cosmesis and Health Nasal Outcomes Survey (SCHNOS) was developed and validated using internationally accepted PROM development methodology. It was also field tested, and significant differences were found between the functional and cosmetic rhinoplasty populations, both preoperative and postoperative.
Meaning The 10-item SCHNOS provides a short, validated questionnaire that we recommend for use in all functional or cosmetic rhinoplasty patients.
questionnaire. For the task, 4 main concepts were considered relevant: (1) nasal obstruction, (2) overall nasal cosmesis, (3) specific nasal cosmesis, and (4) social perception of nasal appearance (Figure 1) . At a university-based facial plastic and reconstructive surgery clinic, 18 patients undergoing rhinoplasty were interviewed in a face-to-face fashion between October 2016 and February 2017. The patients were approached by one of the principal investigators (S.P.M.). Each interview lasted for 20 minutes and consisted of open-ended questions about the most important outcomes of rhinoplasty expected or perceived by the respondents. Using the conceptual framework shown in Figure 1 , the respondents were also asked to rank the items in the order of importance. They were also asked to estimate the importance of nasal obstruction vs nasal cosmesis with the combination of both totaling 100%. Next, using the conceptual framework shown in Figure 1 as a guideline, 5 senior surgeons with primary expertise in rhinoplasty were interviewed. Based on the results of the patients' and the experts' interviews, a preliminary set of questionnaire items was suggested. Each item was put into a Likerttype scale from 0 to 5 with 0 indicating "no problem" and 5 indicating "extreme problem." To eliminate potential ambiguity, the preliminary questionnaire (eFigure 1 in the Supplement) containing 13 items was administered to 5 patients in the form of cognitive debriefing interviews. Patients were asked to think aloud as they were reading the questionnaire instructions and items. They were also asked to suggest improvements to clarify and simplify the questions.
Phase 2: Item Reduction
The preliminary 13-item questionnaire was administered to a sample of the 191 English-speaking patients between February and April 2017. No instructions other than "please fill this questionnaire out" were given. The NOSE scale 4 was concurrently administered to all the respondents. To minimize potential redundancy, all the items with Spearman correlation coefficients greater than 0.85 were removed resulting in a final 10-item scale ( Figure 2 ). Correlations were calculated using SPSS statistical software (version 22; IBM Corp).
Phase 3: Psychometric Evaluation
The internal consistency of SCHNOS was examined using Cronbach α;α≥.90wasconsidered excellent,α ≥ .80 good,α≥.70 acceptable,α≥.60questionable, α ≥ .50 poor, and α < .50 was considered unacceptable. In addition, the Cronbach α 1-sided 95% CI was calculated. Exploratory factor analysis was used to approximate the construct structure of the SCHNOS ( Table 1) . According to the objective and the design of the study, the SCHNOS consisted of 2 separate domains. The first 4 items describe the severity of nasal obstruction experienced by a respondent. The final 6 items describe the severity of a subjective cosmetic disadvantage and overall state of mood and selfesteem due to nasal problems. The goal was to determine if each of these 2 domains of the SCHNOS measure only 1 latent trait (eg, disability) or if there are other possible significant latent variables affecting the results within each of the domains. The results were analyzed both numerically and graphically. Exploratory factor analysis (principal factors) was applied with a minimum eigenvalue for retention set at greater than 1.0 (Kaiser rule). Retained and excluded factors were also explored visually on a scree plot (visual approximation along with parallel analysis). Composite scores for nasal obstruction and nasal cosmesis were calculated separately as sums of the responses to each item from 0 to 5. This way the maximum total score for the nasal obstruction domain was 20, and, for the cosmesis domain, 30 points. Spearman rank correlation was used to assess the strength of correlation between different items. All the analyses in phase 3 were conducted using Stata/IC statistical software (release 14, StataCorp LP).
Phase 4: Field Testing
Finally, preliminary field testing of the questions and scores was performed in the same population of 191 patients. Patients were divided into 4 groups depending on their preoperative or postoperative status and whether their surgery was purely functional or had a cosmetic component. A fifth group of nonrhinoplasty patients, who presented to the clinic for other facial cosmetic or reconstructive reasons, was also incorporated into analysis. For each group, the results of the Likert scales of each question were compared using KruskalWallis H testing using P <.05 as statistically significant. Composite scores for nasal obstruction and nasal cosmesis were also calculated by adding up the scores of questions domainspecific questions, and compared between groups using the same method (as described herein). Results of NOSE scores were also contrasted between groups with the same method.
Pearson correlation coefficients between the composite scores and NOSE score were also calculated. For phase 4, SPSS statistical software (version 22; IBM Corp) was used.
Results
Of the 191 patients invited to answer the questionnaire, 191 of 191 answered (100% response rate): 67% (128) were women and 33% (63) were men. Their mean (SD) age was 41.5 (15.8) years. A total of 18 patients were invited to participate for the interviews and 18 of 18 accepted to participate (a 100% response rate): 9 cosmetic, 4 functional, and 4 combined cosmetic and functional rhinoplasty patients. Of these patients, 5 were male and 13 were female. Their mean (SD) age was 38 (14.8) years (range, 20-64 years). Nine patients were preoperative patients, and 9 patients were postoperative. A total of 5 experts were interviewed. Regardless of the indications for rhinoplasty, most of the patients, and all of the experts, perceived cosmesis and obstruction to be equally important during the initial interview phase. The most commonly elicited and prioritized concepts were included in the preliminary version of the questionnaire (eFigure 1 in the Supplement).
Of the 191 patients, 107 (56%) underwent rhinoplasty for cosmetic reasons, with or without a functional indication. Functional rhinoplasty was performed in 52 patients (27%). Thirty-two patients (17%) were nonrhinoplasty patients presenting for a variety of other conditions (eg, facial trauma, skin cancer reconstruction). Of the operative patients, the SCHNOS was applied preoperatively in 90 patients and after the surgery in 69 patients.
The correlation matrix for the 10 items is presented in Table 2 . The correlations between pairs of items varied widely, from 0.13 to 0.85. As expected, the correlations were high within each particular domain but low between the items belonging to different domains. For all questions, less than 3.6% of data were missing. The missing data were included into analysis.
Internal consistency of each of 2 domains was examined using Cronbach α. For both domains, the Cronbach α was excellent: 0.94 (95% CI, 0.92-0.95) for the nasal obstruction domain and 0.94 (95% CI, 0.93-0.95) for the cosmesis domain. There was no need for increasing α by eliminating items.
The factor structures of the domains were evaluated using exploratory factor analysis ( Table 2) . For the nasal obstruction domain, the parallel analysis of the scree plot suggested a single retained factor with eigenvalue of 3.13 (eFigure 2A in the Supplement). The parallel analysis of the scree plot for the cosmesis domain suggested 2 retained factors with eigenvalues 4.35 and 0.28 (eFigure 2B in the Supplement). However, the second factor was substantially below the Kaiser cutoff point of retaining and, therefore, the domains were considered unidimensional. Factor loadings (pattern matrix) and unique variances of items are also presented in Table 2 . The loading estimates were high for all the items varying from 0.74 to 0.92 (Table 2) .
We then evaluated patient responses (n = 191 patients) for all individual questions, composite obstruction and cosmesis scores, as well as the NOSE score (eFigure 3 in the Supplement). Kruskal-Wallis testing showed a significance level of P < .001 when evaluating the difference between groups (preoperative cosmetic, postoperative cosmetic, preoperative functional, postoperative functional, and nonrhinoplasty) for all individual questions, composite scores, and NOSE score. Correlations between the obstruction composite score and the NOSE scores were r =0. 943(P < .001), which is very strong. The obstruction and cosmesis composite scores were only weakly correlated (r = 0.388; P < .001).
Discussion
Four questionnaires have been identified in a previous systematic review 6 as intended to assess both functional and cosmetic aspects of rhinoplasty. These are the Rhinoplasty Outcomes Evaluation, 11 the Functional Rhinoplasty Outcome Inventory 17, 12 the Rhinoplasty Health Inventory and Nasal Outcomes scale, 13 and the Expectations of Aesthetic Rhinoplasty Scale. 14 Unfortunately, none of these questionnaires were developed using patient input through the form of interviews, which limits their usefulness to assessing patient-centered outcomes. The advantage of the SCHNOS questionnaire is that the questions retained in the initial questionnaire were identified by patients as most relevant to their experience. The most widely used and accepted PROM to assess nasal obstruction in rhinoplasty is currently the NOSE questionnaire, developed by Stewart et al. 4 The nasal obstruction composite score of the SCHNOS showed excellent correlation with the NOSE questionnaire, with a Pearson correlation coefficient of 0.943. The SCHNOS may therefore be administered without the NOSE scale to assess the construct of nasal obstruction.
Currently, the PROM with the most robust methodology to assess nasal cosmesis is the FACE-Q, developed by Klassen et al. 15 The , and the total of 19 questions can be a burden on a single patient. Based on our interviews, patients did not identify current adverse effects or nostrils as a priority during their cosmetic or functional rhinoplasty experience. The FACE-Q was developed using input from only 9 rhinoplasty patients compared with 18 in our study. Other disadvantages are that the rhinoplasty population was poorly defined as to whether it was functional or cosmetic, and the recall period for the FACE-Q is the past week. We believe that a recall period of a month is more appropriate to assess nasal function and cosmesis, mainly to avoid tainting the questionnaire by a recent upper respiratory tract infection. For these reasons, we believe that the SCHNOS cosmetic domain is comprehensive enough yet can avoid excessive patient burden. Evaluation of functional and aesthetic changes in all types of rhinoplasty is paramount. The SCHNOS provides a short, validated questionnaire that we recommend for use in all functional or cosmetic rhinoplasty patients. There are no specific instructions other than handing the questionnaire to the patient and asking him or her to complete it. By tracking the individual patient's progress, the clinician can identify problems that may not be evident during routine clinical interaction.
Limitations
The generalization of our results should be made with caution before the results are confirmed in bigger samples and in different settings. The Likert-type ordinal data used for the factor analysis were considered interval data. While common, such an approach is always an approximation, and this should be taken into account. The ordinal data obtained from the SCHNOS may further be analyzed using a Rasch analysis or an item response theory (both methods require big samples). However, the SCHNOS was created based on a sound conceptual framework, and it was tested using the commonly recommended psychometric methods for the initial evaluation of a new test.
Conclusions
We have developed and validated a new PROM to evaluate both functional and cosmetic rhinoplasty patients. The SCHNOS contains 2 independent domains describing nasal obstruction and nasal cosmesis. The domains were found to be internally consistent and unidimensional. The use of the SCHNOS was tested on practice in 191 patients presenting to a facial plastic surgery clinic. Future directions include establishing levels of meaningful change and minimal clinically important difference, evaluating the ability to detect change in a single patient, and establishing whether the questionnaire can be administered electronically rather than in paper format. 
